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A  SCIENTIFIC  SATELLITE  FBOGSiAM 

This  la  a  proposal  for  an  eai^  satallite  program.  It  proposes 
(l)  a  useful  purpose  for  the  satellite^  (2)  a  isethod  of  achieving  that 
purpose,  and  (3)  an  organization  capable  of  implementing  the  method. 

Purpose 

The  most  useful  function  that  can  be  served  the  first  artlfieial 
satellite  lies  in  the  field  of  geode^.  The  United  States  has  been  and 
is  now  expending  considerable  effort  and  funds  to  refine  geodetic 
measurements.  One  of  the  most  difficult  geodetic  tasks  Involves  tying 
together  the  various  continental  grids  and  locating  the  many  islands 
with  respect  to  these  grids.  Whereas  it  is  possible  to  map  entire 
continents  by  vell-knoua  methods  of  triangulation,  the  technique  fails 
T-Jhen  it  must  be  extended  across  large  bodies  of  water.  As  a  result, 
geodesists  have  turned  to  other  methods  which  are,  in  genial,  based  on 
the  uae  of  the  only  presently  available  satellite,  the  moon,  as  a 
measuring  vehicle.  Both  the  Army  Map  Service  and  the  Naval  Observatory 
are  active  in  the  use  of  the  isoon  as  a  reference  body  for  geodetic  and  time 
measurements^ 

An  artificial  satellite,  which  would  be  stDall  in  size  and  mass,  and 
at  a  short  distance  from  the  earth,  would  have  numerous  advantages  over 
the  moon  (see  Appendix  A),  The  accuracy  of  memvsr&mnt  of  geodetic  constants 
could  be  ii^roved  about  10  times.  Equally  important  >  the  fsmil  satellite 
technique  would  yield  a  large  volume  of  geodetic  data  in  a  relatively  short 
time.  Ijaproved  geodetic  data  is  required  to  provide  maps  cf  sufficient 
accuracy  for  locating  potential  military  targets  and  loraa  navigation 


stations 


Matho^ 

£a  ord«r  for  a  tsatallite  to  have  geodetic  xise.  It  anist  be 
trackabla  vith  a  high  degree  of  preeieios.  Although  even  a  few 
aeeurately  timed  traneite  of  the  satellite  will  yield  soste  data,  the 
real  geodetic  meat  iiiill  be  derived  frcmt  a  large  number  of  observations. 

Optical  observation  is  recommended,  but  it  has  certain  limitations. 

First,  the  orbiting  object  vill  be  visible  only  for  brief  periods  - 
at  dawn  or  sunset,  end  when  seeing  conditions  are  good.  Sec(»id,  it 
will  be  exceedingly  difficult  to  acquire  the  satellite  in  an  optical 
instrument  of  sufficient  power  (and  hence  restricted  field  of  view) 
unless  there  Is  previous  precise  kno^  edge  of  where  the  satellite  vUl 
be.  Indeed,  it  is  readily  conceivable  that  an  object  could  be  placed 
in  an  orbit  and  never  observed.,  if  only  optical  methods  vmre  used. 

It  appears  highly  desirable,  therefore,  to  have  some  other  method 
of  observation.  Such  a  method  has  been  proposed  hy  the  Naval  Reseereh 
laboratory  (Appendix  B).  It  depends  upon  radio  Interferometry  and  involves 
eancying  a  small  trsnsmitteir  in  the  satellite.  The  Laboratory  has  proven  this 
technique  experimentally  in  its  ballistic  Gdssile  research.  It  will  provide 
precis®  observation  of  the  satellite  once  evcoy  orbit  at  ©very  station, 
dUy  or  night,  fair  veatiiar  or  foul.  The  period  of  radio  observation 
depends  upon  the  lifetime  of  th©  transmit tear  (assuming  a  long-lived  aatelllte) 
and  could  be  weeks  or  jsoatbs,  if  sufficient  payload  can  be  placed  in  the 
orbit.  For  a  10  lb  payload  the  tranasiltter  lifotina  is  about  5  weeks  (using 
presently  available  equipment).  A  payload  of  40  lbs  wuld  permit  4  months 
of  operation.  The  great  advantages  of  the  radio  tracker  are  (l)  that. 


acquieltion  of  tho  satellits  la  practically  eartain  and  (2)  that  the 
nmber  of  observationo  poeaible  la  an  order  of  magnitude  greater  than 
for  any  optical  tracker* 

iSn  vieiir  of  the  facta  cited  above.  It  la  felt  that  the  minlmam 
payload  the  first  satellite  i^ould  carry  la  10  pounds.  It  vould  be  highly 
desirable  to  choose  a  aatellite  aystenit  which  can  place  aa  much  aa  AO  Twunda 
into  a  stable  orbit.  This  vould  permit  radio  tracking  for  long  periods  of 
time  or  alternatively,  use  of  the  satellite  for  geophyeieal  measurements, 
i.e.,  the  particle  and  ionic  eorapositioa  of  inter<>planet8ry  apace.  The 
creation  of  an  instrumented  satellite  has  been  rectsmoended  by  the 
National  Committee  for  the  International  Geopl^sieal  Iear« 

In  selecting  a  vehicle  to  place  the  payload  into  an  orbit,  it  is 
ic^rtant  to  analyze  the  flight  path  and  determine  what  factors  are  most 
critical,  with  a  view  toward  alleviating  any  factor  that  requires  a  high 
degree  of  precision.  It  is  generally  agreed  that  the  most  critical  factor 
in  producing  an  orbit  is  the  asigular  precision  required  in  projecting  the 
final  stage.  The  required  angular  precision  varies  Inversely  with  the 
altitude  of  projection.  For  instance,  at  200  miles  the  tolerance  is  a 
fraction  of  a  degree,  and  a  very  precis®  and  complicated  orienting  mechanism 
Is  required*  Above  300  miles  the  tolerance  is  several  degrees  permitting 
vtm  of  simple  and  more  reliable  orienting  equipment.  If  the  same  equlpnent 
is  used  in  both  eases,  the  chance  of  obtaining  an  orbit  is  much  groater  at 
the  higher  altitude  (Appendix  I>)» 

This  proposal  recommands  use  of  a  vehicle  comprising  the  H«>10  Viking 
a.nd  two  solid  prop:9llant  stages,  (Se®  Appendix  C).  This  combination  can 


carry  payloads  rai:)glng  frost  Id  to  40  poonds  into  ext  orbit  arotmd  the  earths 
For  the  lover  payload  the  perigee  is  354  stiles,  thus  persiittlng  a 
considerable  tolerance  on  the  angle  of  pro;}eetiion*  The  40  pound  payload 
vould  have  a  223  islle  perigee  and  hence  would  require  store  precise  orientation 
equipment.  Although  a  10-lb  satellite  is  considered  sufficient  initially  for 
geodetic  work,  the  particular  vehicle  vas  chosen  with  a  regard  to  its  growth 
potential  -  its  ability  to  satisfy  the  International  Geophysical  leer 
requirement  for  an  instrumented  satellite  in  1958* 

The  K-10  is  a  modification  of  the  existing  Ylklng  which  has  exceeded 
100  miles  altitude  in  six  flights  and  presently  holds  the  altitude  record 
for  single  stage  rockets.  Tiklng  4  was  launched  fTom  a  Natrad  vessel 
at  sea  to  a  record  altitude  for  ship  launched  rockets.  Viking  off<^s 
the  capability,  vdilch  nay  have  logistic  advantages,  of  launching  the 
satellite  from  a  ship. 

The  H-10  modification  has  been  studied  for  two  years.  Detailed  design 
drawings  have  been  prepared.  No  major  functional  cshange  to  the  present 
Viking  is  envisioned. 

The  M-10  Viking  has  a  4*'foot  diameter,  a  length  of  40  feet  and  a  dry 
weight  of  2250  pounds,  It  is  readily  transposrtable  by  SK>tor  vehicle, 
rail  or  air.  It  is  actually  the  smallest  available  vehicle  tbat  could 
serve  as  a  satellite  first  stage  and,  as  such,  will  require  a  minlmua 
of  logistic  support. 

The  solid  propellant  stages  were  designed  by  a  reliable  contractor  to 
the  Navy.  The  design  has  been  checked  by  the  Laboratory  and  is  considered 
to  be  sufficiently  consenvatlve.  There  are  many  advantages,  in  addition  to 
the  apparent  one  of  increased  reliability,  in  using  two  rockets  as  ^iposed 
to  a  large  ntasber  of  small  rockets  in  clusters , 


Ths  xsethoS  pjropoBod  h&ee  vo«ld  eiffploy  laampover  axtA  faellitisa 
aot  presently  nsed  In  azQr  operational  mllitaxy  project, 

addition  to  providing  payload  flexibility^  the  proposed  vehicle 
is  capable  of  producing  a  varied  of  orbits.  The  equatorial  orbit  or 
one  soaevimt  inclined  (30*^  or  less)  to  the  equator  is  preferred  (see 
Appendix  ]D),  But  the  vehicle  is  capable  of  producing  a  polar  orbit 
(with  a  10  lb  payload)  p  one  that  vould  traverse  erery  location  on  the 
earth, 

Tina  Seale  and  Coat 

It  is  proposed  to  construct  ten  M-10  Vikings  and  a  sufficient  number 
of  solid  propellant  stages  for  ground  test  and  eatellit®  use.  Of  tise 
H>10*s,  three  would  be  devoted  to  tests  of  the  M>10  itself,  leaving  the 
remaining  seven  for  satellite  use. 

On  the  basis  of  experience  in  Viking  production,  the  first  H>10  can 
be  delivered  in  eighteen  months.  Succeeding  K»10  vehicles  can  be  delivered 
at  a  rate  of  one  every  six  wes^s.  The  period  between  18  and  24  months 
would  be  devoted  to  firings  of  the  M->10  alone,  either  at  White  Sands  Proving 
Ground  or  the  iilr  Force  Missile  Test  Center, 

The  first  satellite  can  be  launched  two  years  from  the  start  of  the 
program;  the  remaining  satellite  vehicles  within  the  third  year. 

The  lead  time  of  tiro  years  prior  to  launching  the  first  satellite 
provides  eufficiont  time  for  px*oductlon  and  test  of  the  solid  stages  and 
asswbly  of  radio  and  optical  tracking  equipment.  Logistic  planning  vould 
start  at.  the  outset  of  the  programj  logistic  preparations  should  be 
completed  during  the  second  year.  The  proposed  time  scale  is  eusniarlsed 
in  Figure  1, 
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FIGURE  - 


At  this  time.,  the  oosjt  cm  oifils*'  ba  broker^  elowa  into  major  catagorlaso 

Th®  costs  are  based  oa  Coatractor’s  ©etisnates  and  on  ©xperienca  In  building 

instruanantatioB.  The  estimated  costs,  excluding  logistic  support,  ar®£ 

Vohicl©  production 

lastrTsaantstion 

Contractor  eiipplied  field 
equipment  and  services 


$5,000,000 

1,500,000 

1,000.000 


TOTAL  $7, 50),  000 


Organization 

Th©  creation  of  ®v@n  a  small  aatoUit©  is  a  project  of  sufficient 
magniti\d©  to  require  an  organisation  of  broad  scientific  talent.  Even 
the  preparation  of  this  report  required  advice  froa  experts  in  materials, 
optics,  electronics,  astronom^f,  geophysics  and  geodetic®.  Although  a 
specific  approach  has  be-an  presented  hero,  it  is  not  the  only  one  that 
could  b@  foHowad.  Hence,  in  this  section,  it  is  proposed,  at  first,  to 
talc©  a  broad  view  end  to  recoas-aond  several  agencies  as  ©xamplee  of  thoe® 


who  might  qualify  for  specific  tmk&„ 

hfeanagement  and  Logistic  Support-  All  three  serviceB  qualify, 
and  it  is  likely  that  th®  comMjied  efforts  of  at  least  tw  will  be  required^ 
System  CQ^ntrag'fcor  A  project  of  this  type  wUl  require  a 
eontintflng  system  anaJ.y@is.  Ago-iicies  suggostod  for  this  work  are  thos® 
which  have  broad  seiestific  •bml®at  and,  in  addition,  have  handled  at  least 
on®  IsiiTg®  rocket  vehicle  projects  The  Bell  Telephone  Laboratories,  th© 

Jet  jf^optflsion  Laboratory  and  tl:;©  Navait  Resfsmxdi.  Laboratory  ar®  tn  tbi® 
<;®t®gor3rs;  Bell  has  ted  systsaa  responsibility  j’or  Hike,  JPL  for  Corpoi*al 
and  M?.L  for  Viltingo 

3<-*  Gcodetio  Maag3g®ramta  Four  ag^acies  ar®  known  to  have  experleBC?!? 

in  this  fields  tte.  ATisy  i%,p  oervlce.c.  tho  Coast  and  G©od®t3.c  Survey,  th® 
ifeval  Hydrographic  Office,  and  th©  Haval  Observatory.  The  geodetic  inforaatioB 


in  this  report  was  prepm’od  in  cooperation  with  tli®  Army  Map  Ser''?lca» 

4.  Yehicl©  Coatractorn  ««  Ho  attempt  is  Mad®  to  list  th®  various 
contractors  wlx>  have  expsrisnce  in  rocket  propulsion  end  alrfrasne  design* 

A  siasable  number  of  industrial  companies  would  qualify, 

5*  JjiBtrowentation  -  Tiie  agency  chosen  for  geodetic  Bseasurements  would 
be  the  logical  on©  to  provide  optical  instrumentation.  The  radio  system 
described  in  this  report  was  designed  1:^  ML.  Other  agencies  known  to  have 
developed  radio  interferometer  systems  for  miaslle  tracking  are  the 
Convair  lUvision  of  General  I^Tf^aies  Corporation  and  the  General  Electric 
Coiapeay,  With  regard  to  gooptgrsical  measurements,  the  advice  of  the  IGY 
coamitte©  could  b®  sought.  The  Haval  Heeearch  laboratory  has  many  yoOTs 
of  ssperieac®  in  this  field* 

An  organization  capable  of  implementing  the  specific  satellite 
proposed  in  this  re|x)rt  las 

1*  Management  and  logistic  support  -  Tri-s©rvi©e 
2.  System  contractor  ~  Kami  Research  Laboratory 
3*  Geodetic  Hseasurements  -  Army  Map  Service 

4.  Vehicle  contractors  -  The  Glenn  L.  Martin  Company 

Atlantic  Research  Corporation 

5.  Radio  tracking  -»  Maval  Research  Laboratory 

6.  Geophysical  measurenjenta  ~  la'val  RasoBTch  LaboX’atoiy 


